Abstract-Power Electronic Transformer (PET) is a new type of energy conversion device in power system. The electronic transformers used in PET play an important role in performance of the overall power electronic system, including efficiency, size, and cost. The transformers are high power medium frequency transformer according to present technology. Based on a proposed circuit topology of PET, the design method of the electronic transformer is presented. A 30KW medium frequency transformer is designed. The selection of core material was based upon the optimization among the specifications: transformer size, efficiency, and producing cost. Thermal analysis is made by ANSYS. The temperature rise is checked by calculating the distribution of temperature field. The design of electric insulation of the electronic transformer is proved to be good by simulation.
INTRODUCTION
The drawbacks of conventional power transformers, such as heavy weight, large size, sensitivity to harmonics, are arising many problems with the development of power system. Power Electronic Transformer (PET) is a new type of energy conversion device that can overcome the shortcomings of conventional power transformers. In recent years the technology of power semiconductor device made a great progress, which caused the low cost of switching tube and improved the withstanding voltage level. At the same time, because the PWM algorithms became more and more mature and the higher-speed control processors appeared, PET became a hot subject of research.
Different circuit topologies for PET were researched [1] - [4] . The classification of voltage in power system is high to 10KV in general. Whereas the voltage class of IGBT is about 1KV. So series multiple connection should be adopted. The circuit topologies in [1] - [4] were all based on the idea.
In PET, electronic transformers, which are the magnetic components, are required. According to present technology, these transformers work at medium frequency in the power electric system. The performance of the electronic transformers will influence volume of PET, transportation efficiency, quality of output waveform, and safety of switching tube. The heating problem of the electronic transformers is very serious. So the check of thermal analysis is important. Temperature rise can affect the selecting rationality of transformer core material and insulation material.
Most of current design methods for electronic transformer are only suitable for designing low power transformer which temperature rises are no more than 50 C [5] - [7] . But the temperature rise of the electronic transformer used in PET usually more than 100 C . In [5] and [6] , transformer core and winding are treated as equivalent thermal resistances respectively, and temperature rise is calculated according to the relationship between transformer thermal resistance and temperature rise. In [7] , temperature rise is estimated by using the curve of area product -surface area -temperature rise or an approximate formula. But these methods referred in [5] - [7] hold well for temperature rise only in range from 20 C to 50 C . When temperature rise is more than 50 C , biggish error will occur by these traditional methods to estimate temperature rise.
In this paper, a circuit topology for PET is proposed, which can be used for power transformation in medium and high voltage grid. Based on the proposed circuit topology, the design method of the electronic transformer used in PET is established and the design of a 30KW transformer, operating at 5000Hz, is shown in the paper. The simulating result of temperature field of the designed transformer shows that the materials of core and insulation can meet the demand of temperature rise. The simulating results about dielectric strength test of the designed transformer are presented. Based on the distributions of electric field, the electric insulation is checked.
II. CIRCUIT TOPOLOGY
The configuration of the circuit topology is shown as Fig. 1 . It is for a step-down PET. The features of the proposed circuit topology are as follows:
(1) The power transformation can be performed in medium and high voltage system. (2) The structure is extremely modular by connecting the same power module. 
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As shown in Fig. 1, in u is the voltage of power supply system. out u is the voltage of electric equipment. The waveforms of them are sinusoidal form. The IGBT is switching tube. 1 u and 2 u are the input and output voltages of the electronic transformer respectively. The waveforms of them are alternating square waves and have the same frequency. With the increase of the working frequency, the size of the electronic transformer will be reduced. But the loss will increase at the same time. The size and loss of PET are decided mainly by the electronic transformer. So there should be a compromise in choosing the frequency of the electronic transformer. And considering the working frequency of IGBT, the frequency was determined to be 3KHz-5KHz. 
III. DESIGN OF THE MEDIUM FREQUENCY TRANSFORMER
The electronic transformer is the most important part of the PET for it determines the performance and power conversion efficiency of the PET, as well as size and cost of the whole system. So the optimal design of the electronic transformer is a critical step. Due to the interdependence and interaction of parameters, some tradeoffs have to be made in order to get allowable transformer size, minimum efficiency which can be tolerated, and low producing cost.
A. Selection of Core Material
The characteristic demand of the core material of the electronic transformer is higher flux density, higher Curie temperature, lower loss, and lower cost. The choice of core material is based on achieving the best characteristic on important design parameters and on acceptable compromises on other parameters [8] .
Soft ferrite is the most common core material of low power medium-high frequency transformer. But it is not suitable for high power transformer. Due to its very low flux density in magnetic material, the size of the core would be too bulky. On the other hand, the Curie temperature of Soft ferrite is very low, which results in low working temperature of magnetic core. By property contrast, amorphous alloys and super microcrystalline are thought to be the best choices of core material. But there is not the uniform national standard of magnetic core that is made of amorphous alloys or super microcrystalline at present, and the producing costs of these materials are high. Silicon steel has been greatly improved in past decade, Cold-rolled, grainoriented, thin type silicon steel has the high Curie temperature and flux density close to amorphous alloys and super microcrystalline [8] . And the producing cost of silicon steel is the lower than amorphous alloys and super microcrystalline. The shortcoming is that the loss of silicon steel core is higher comparatively. But it can be accepted. Considering all the factors, silicon steel is chosen as the core material of the electronic transformer.
B. Determination of Core Size
In the design of the electronic transformer, the required parameters are as follows:
Output 
C. Calculation of the winding number
The primary turns can be calculated by The secondary turns can be calculated by
D. Selection of Winding Model
The primary current can be calculated by 
E. Check of Temperature Rise
When silicon steel is adopted as the transformer core material in the design, the core loss can be comparatively high. Higher core loss will bring higher temperature rise.
The total loss of the electronic transformer, P ∑ , includes core loss and copper loss. The core loss can be calculated by the following relation: R : ac resistance of secondary winding ( Ω ) Total loss is as follows:
F. Check of electric insulation
Withstand voltage test should be made after the electronic transformer is built. Electric insulation should be checked when testing voltage is applied on primary winding and transformer core, secondary winding and transformer core, primary winding and secondary winding respectively. It is significant to analyze the dielectric strength of the designed transformer by simulation before the transformer is built.
G. Efficiency calculation of the designed transformer
The efficiency of the electronic transformer is determined by the following equation: The grain-oriented silicon steel strip was adopted as the core material. The material grade and type of the transformer core were determined according to national standard of the People's Republic of China. The core material grade was 3Q3000 and the core type was EI.
According to equation (3) and equation (4) In order to reduce the leakage inductance, the primary winding was spilt on either side of the secondary winding. The primary winding and the secondary winding were all adopted double glass-fiber covered rectangular copper wire. Based on the principle of winding design, single conductor was adopted for the primary winding and two paralleled conductors for secondary winding. The insulation classes of primary and secondary winding were all selected as 2nd grade.
The efficiency of the designed transformer was 98% by calculation.
Polytetrafluoroethylene(PTFE) film was used as the layer insulation between the primary and secondary winding. For the dielectric coefficient of PTFE is comparatively low, using PTFE film as the layer insulation between the primary and secondary winding can make distributed capacitance of the designed transformer low.
V. SIMULATION RESULT

A. Check of Temperature Rise
Two-dimensional model was adopted. The analysis crosssection is shown in Fig.2 . The calculating result is shown in Fig.3 . Forced air cooling must be adopted. It can be found that the highest temperature point of the designed transformer locates in the center of the transformer core. The working temperature of the silicon steel core should be under 300 C . The insulation materials, including PTFE film, impregnating varnish, and fiberglass of winding, were all selected those which working temperatures were over 200 C in this design. 
B. Check of Electric Insulation
According to national standard of the People's Republic of China, the testing voltage was 3400V. The simulating results are shown respectively from Fig.4 to Fig.6 . It can be found that the maximal value of electric-field intensity locates in the range between 2.2KV / mm 2.3KV / mm − . The disruptive field intensity of PTFE film ranges in 30KV / mm 60KV / mm − . The disruptive field intensity of impregnating varnish is over 60KV / mm in normal state and is over 30KV / mm in soaking state. The lowest disruptive field intensity of the glass-fiber was 4 KV / mm . The design of electric insulation is proper. Based on the proposed circuit topology for PET, a design method of high power medium frequency transformer was presented and a 30KW and 5000Hz transformer has been designed according this method. Tradeoffs have been made in the designing process. The checks of temperature rise and electric insulation have been made by ANSYS. The results indicate that the types of all insulation materials can be determined by simulation results of electric-field, and the temperature index of insulation materials and the coefficient of the thermal conductivity of impregnating varnish can be determined by simulation result of temperature field. The design method is suitable for designing the high power electronic transformer used in PET.
